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Background 

Hemophagocytic lymphohistiocytosis (HLH) is a rare multisystem disorder that fre- 
quently involves the central nervous system (CNS). We compared the clinical character- 
istics, treatment, and prognosis of patients with HLH according to the degree of CNS 
involvement. 

Methods 

The clinical manifestations, initial laboratory data, treatment, and outcomes for 50 pa- 
tients diagnosed with HLH and treated at Asan Medical Center between January 1995 
and August 201 1 were retrospectively reviewed and analyzed. CNS involvement was de- 
fined as the presence of neurological symptoms or an elevated white blood cell (WBC) 
count in the cerebrospinal fluid (CSF). 

Results 

Among these 50 patients, 23 (46%) developed CNS disease. Among patients with CNS 
disease, 1 9 had neurological symptoms, including seizures, altered consciousness, facial 
palsy, dysarthria, and dysphagia. Four patients had elevated CSF WBC counts without 
neurological symptoms. Twelve patients had abnormal brain imaging results, including 
high signal intensity lesions on T2 -weighted magnetic resonance imaging (MRI) findings, 
ventriculomegaly, hemorrhage, atrophy, and leptomeningeal enhancement. Patients 
with CNS disease had lower ferritin, aspartate aminotransferase (AST), and alanine amino- 
transferase (ALT) levels as well as reduced 5-year survival as compared to those without 
CNS disease. 

Conclusion 

CNS involvement is common among patients with HLH. Overall, patients with CNS dis- 
ease achieve poorer outcomes than patients without CNS involvement. To improve out- 
comes, physicians must carefully monitor the neurological manifestations in patients with 
HLH and administer the appropriate course of intensified chemotherapy to patients with 
CNS disease. 

KeyWords Hemophagocytic lymphohistiocytosis, Central nervous system 

involvement, Neurological manifestations, Cerebrospinal fluid, Outcome 



INTRODUCTION 



Hemophagocytic lymphohistiocytosis (HLH) is a clinical 
syndrome caused by the uncontrolled activation of cytotoxic 
T cells and antigen-presenting cells. The initial signs and 
symptoms of HLH can mimic other more common conditions 
including bacterial sepsis, viral infections, autoimmune dis- 
ease, hepatitis, and encephalitis. The early clinical signs asso- 
ciated with HLH include fever, hepatomegaly, splenomegaly, 

— ®S© 



lymphadenopathy, rashes, and neurological abnormalities 
[1]. The typical histopathological findings include the wide- 
spread accumulation of lymphocytes and mature macro- 
phages, sometimes with hemophagocytosis, especially in the 
spleen, lymph nodes, bone marrow, liver, and cerebrospinal 
fluid (CSF) [2]. 

HLH manifests as 1 out of 2 conditions that may be difficult 
to distinguish from each other: familial HLH and secondary 
HLH [2]. Proven mutations in genes encoding perforin- 1, 
MUNC13-4, or syntaxinll are diagnostic for familial HLH; 



This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativeconmions.Org/ncenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 



274 



Myung-Mi Kim, et al. 



a family history is also informative [3]. Central nervous sys- 
tem (CNS) involvement has been reported in 10-73% of 
all HLH patients, either at presentation or during the course 
of the disease. CNS involvement is highly variable in its 
presentation [4-6] and widely reported to be a poor prog- 
nostic factor [7, 8]. 

HLH is difficult to diagnose because the associated clinical 
symptoms mimic those characteristic of many other diseases. 
Since diagnostic criteria and treatment regimens with che- 
motherapeutic and immunomodulatory drugs have been im- 
plemented, the outcomes have significantly improved-from 
a 95% mortality rate previously to a cure rate of 55% [9, 
10]. The early initiation of treatment is critical for enhancing 
a patient's chances of survival; therefore, earlier diagnosis 
is mandatory, and high-risk patients should undergo an in- 
tensified chemotherapy regimen. 

Although the neurological manifestations of HLH have 
been recognized, their characteristics and impact on out- 
comes remain relatively poorly defined. To facilitate the 
identification of neurological manifestations of HLH and 
establish more effective treatment strategies, we reviewed 
the clinical data collected for 50 patients with HLH. We 
compared the clinical characteristics, treatment protocol, and 
outcomes of patients who had CNS involvement with those 
who did not. 



MATERIALS AND METHODS 



1 . Patients 

During the period from January 1995 to August 2011, 
50 HLH cases were treated at Asan Medical Center in Seoul, 
Korea. Among this group, 25 patients were women and 25 
men, with a median age of 2.4 years (range, 10 days to 
17 years). The diagnosis of HLH required a molecular diag- 
nosis consistent with HLH or the fulfillment of 5 or more 
of the following clinical diagnostic criteria: 

(1) Fever. 

(2) Splenomegaly. 

(3) Cytopenias (affecting 2 of 3 lineages in the peripheral 
blood): hemoglobin <9.0 g/dL, platelets 
<100xl0 9 /L, neutrophils <1.0xl0 9 /L. 

(4) Hypertriglyceridemia, hypofibrinogenemia, or both: 
fasting triglycerides ^265 mg/dL, fibrinogen <1.5 g/dL. 

(5) Hemophagocytosis in bone marrow or spleen or lymph 
nodes without evidence of malignancy. 

(6) Low or absent natural killer cell activity. 

(7) Ferritin >500 mg/L. 

(8) Soluble CD25 (i.e., soluble interleukin-2 receptor) 
>2,400 U/mL [11]. 

A bone marrow biopsy was performed on each patient. 
The results showed diffuse infiltration by lymphocytes and 
histiocytes with hemophagocytosis in all patients. Twenty- 
two patients were studied with regard to genes encoding 
perforin-1, MUNC13-4, or syntaxinll. Patients who had 
neurological symptoms or elevated WBC counts in the CSF 
were classified as the CNS (+) group, regardless of brain 



imaging results or the presence of protein in the CSF. 

2. Methods 

We performed a retrospective chart review of patients 
who were treated for HLH. We reviewed the medical records 
for neurological symptoms and signs and current neurological 
states. The initial laboratory data included serological mark- 
ers for hepatitis viruses (hepatitis A, hepatitis B, hepatitis 
C, cytomegalovirus, and Epstein-Barr virus (EBV)) and CSF 
findings. Computed tomography (CT) and brain magnetic 
resonance imaging (MRI) findings were also obtained. These 
clinical findings and laboratory data were described for each 
group, and differences were compared between the CNS 
(+) and CNS (-) groups. 

During the study period, 3 different chemotherapy proto- 
cols were used. Immune therapy was used to treat patients 
diagnosed from November 1996 to February 1997. The im- 
mune therapy regimen involved combined treatment with 
steroids and rabbit antithymocyte globulin (ATG), followed 
by maintenance therapy with cyclosporine A (CSA) and 
intrathecal methotrexate (IT MTX), usually given every week 
(up to 6 doses). The number of IT MTX injections depended 
on the intensity of CNS disease and the CSF analysis com- 
pleted before each IT injection [12]. 

The next group of patients (those diagnosed from Septem- 
ber 1995 to November 2004) was treated with the HLH 
94 protocol: 8 weeks of initial therapy with etoposide (VP- 16) 
and dexamethasone. In this protocol, up to 4 doses of IT 
MTX were recommended for patients with progressive neu- 
rological symptoms after 2 weeks of therapy, or if any abnor- 
mal CSF condition had not improved. Maintenance therapy 
consisted of daily CSA plus alternating weekly pulses of 
VP-16 or dexamethasone [13]. 

The final group of patients (diagnosed from March 2005 
onward) was treated using the HLH 2004 protocol, which 
consisted of immediate treatment with VP-16, dexame- 
thasone, and CSA. In this protocol, the initiation of CSA 
treatment was moved from week 8 or later to day 1 to 
provide more intense immune suppression early in the course 
of treatment. The addition of corticosteroids to IT therapy 
was suggested [11]. 

With regard to HLH therapy status, the patients were 
classified as being "off-therapy" if they had been off therapy 
without disease re-activation for at least 1 year. Allogeneic 
hematopoietic stem cell transplantation (HSCT) was planned 
for patients with recurrent or refractory disease or with 
familial HLH whenever suitable donors were available. 

3. Statistics 

The chi-squared and Mann-Whitney U tests were used 
to compare data between the groups. The Cox proportional 
hazards regression model was used in multivariate analyses 
to identify the most significant prognostic factors for survival 
and to calculate the hazard ratio (HR) of death and 95% 
confidence intervals (CI) for the ratio. Survival was compared 
using the Kaplan-Meier life table method and analyzed by 
the log-rank test. All analyses were done using Statistical 
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Package for the Social Sciences (SPSS) software, version 19. 
Differences were considered statistically significant if the 
2-tailed P value was <0.05. 



RESULTS 



Fifty consecutive patients were diagnosed with HLH and 
then divided into 2 groups based on the presence of CNS 
involvement. Twenty-three patients were classified as CNS 
(+); the remaining 27 patients were classified as CNS (-). 
In the CNS (+) group, 19 patients had neurological symptoms, 
including seizures, facial palsy, dysarthria, dysphagia, and 
changes in mental status. Among these patients, 9 had ele- 
vated CSF WBC counts. Another 4 patients had elevated 
CSF WBC counts without neurological symptoms. 

1. Clinical features of the CNS ( + ) group 

Table 1 shows the characteristics of the 23 patients in 
the CNS (+) group. Four patients had CNS symptoms at 
the time of diagnosis. Nine patients developed CNS symptoms 
after diagnosis, during treatment. Thirteen patients (includ- 
ing 3 with febrile seizures at diagnosis) exhibited leukocytosis 
at the time of the initial CSF analysis (increased leukocyte 
count >5/uL). The mean age at diagnosis was 3.4±4.4 years 
(range, 10 days to 17 years). CNS symptoms included seizures 
(N=15), decreased consciousness (N=4), facial palsy (N=2), 
irritability and bulging fontanel (N=l), dysphagia and dys- 
arthria (N=l), and brain death (N=l). 

Etiologically, 5 patients had a familial history of affected 
siblings who died of sepsis or hematologic malignancy at 
< 1 year of age. Another 3 were confirmed to have a UNC13D 
(encoding MUNC13-4) mutation, and 1 was confirmed to 
have a PRF1 (encoding perforin- 1) mutation. With regard 
to infections, 6 patients had infections at diagnosis: EBV 
(N=5) and tuberculosis (N=l). 

Twenty-one patients underwent brain CT and/or MRI 
examinations. Twelve patients showed abnormalities, includ- 
ing high signal intensity lesions on T2-weighted MRI images 
(N=8), ventriculomegaly (N=3), hemorrhage (N=3), atrophy 
(N=3), leptomeningeal enhancement (N=2), and posterior 
reversible encephalopathy syndrome (PRES, N=2). High sig- 
nal intensity lesions with a non-specific distribution were 
the most common finding, and found more often in white 
matter than gray matter. 

Neurological sequelae were reported in approximately 
27.2% (3/11) of long-term survivors. Two of them took anti- 
epileptic drugs due to seizure disorders; another patient had 
facial palsy, dysphagia, and dysarthria. Among the 15 patients 
who presented with seizures, 2 had been taking an anti-epi- 
leptic drug (AED) and 4 had achieved seizure-free states 
without AEDs. The remaining 9 patients died or were lost 
to follow-up. On the contrary, 4 patients with only leukocy- 
tosis in the CSF exhibited normal development. 



2. Clinical characteristics of patients in the CNS (+) and CNS 
(-) groups 

There was no significant gender difference between the 
CNS (-) (12 men among 27 patients) and CNS (+) (13 men 
among 23 patients; P=0.395) groups. Patients in the CNS 
(+) group were younger than those in the CNS (-) group 
(41.0±52.8 months vs. 73.1±69.9 months; P=0.055), but this 
effect was not statistically significant. All 5 patients with 
a family history had neurological symptoms. Among the 
13 patients in the CNS (+) group who were tested, 1 patient 
had a PRF1 mutation and 3 had a UNC13D mutation. In 
the CNS (-) group, 2 among 9 had a UNC13D mutation 
without family history. Since 10 patients in the CNS (+) 
group and 18 in the CNS (-) group did not agree to genetic 
testing, it is difficult to compare the proportion of familial 
HLH between the groups. With regard to infections, 18 
(66.7%) patients in the CNS (-) group had viral infections 
(EBV (N=14), cytomegalovirus (CMV) (N=3), and hepatitis 
A virus (N=l)) at the time of diagnosis. In comparison, 6 
patients (26.1%) in the CNS (+) group had infections at 
the time of diagnosis: EBV (N=5) and tuberculosis (N=l). 
Therefore, the rate of EBV infection was significantly less 
in the CNS (+) group than in the CNS (-) group (21.7% 
vs. 51.9%; P=0.029; Table 2). 

Table 3 shows the laboratory findings of the CNS (+) 
and CNS (-) groups. The CNS (+) group had lower overall 
blood cell counts than the CNS (-) group, but this trend 
was not statistically significant. Other laboratory data with 
diagnostic value for HLH (triglyceride and fibrinogen levels) 
were similar, but the CNS (+) group had lower ferritin levels 
(P=0.037). Patients in the CNS (+) group also had significantly 
lower aspartate aminotransferase (AST) (P=0.026) and ala- 
nine aminotransferase (ALT) levels (.P=0.011). 

3. Treatment outcomes according to CNS involvement and 
treatment protocol 

Table 4 shows the treatment protocols and treatment out- 
comes for each group. Three of the 23 patients with CNS 
disease were initially treated with immune therapy: 1 died 
and 2 were lost to follow-up. Out of 4 patients that began 
treatment on the HLH 94 protocol, 1 was alive after allogeneic 
HSCT and 3 died. Among 14 patients treated by HLH 2004, 
7 were classified as being off-therapy, 2 were alive after 
allogeneic HSCT, 3 died, 1 was lost to follow-up, and 1 
was receiving chemotherapy at the time of the last follow-up. 
The remaining 2 patients in the CNS (+) group died before 
starting treatment. Nine patients in CNS (+) group died due 
to sepsis (N=5), liver failure (N=l), brain hemorrhage (N=l), 
brain death (N=l), or status epilepticus (N=l). 

Six patients in the CNS (-) group were initially treated 
according to HLH 94. Three were off therapy, 2 were alive 
after allogeneic HSCT, and 1 was lost to follow-up. Eighteen 
were treated according to the HLH 2004 protocol; 13 com- 
pleted the chemotherapy regimen, 2 were alive after alloge- 
neic HSCT, 2 were lost to follow-up, and 1 was receiving 
chemotherapy at the time of the last follow-up. Two died 
before starting treatment because of liver failure, and one 
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Table 1 


Clinical characteristics for the CNS ( + ) group. 
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Age at 
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CTx IT Tx 


Outcomes 


c> , m ^ mc FHx ™,,t a t;™ lnf - 


No. 




Dx 


symptoms mutation 


\J }-*■>-! 








1 


F 


3 mo 


Sz, brain 


4 


Multiple T2 HSI lesion 


Immune MTX(6) 


Dead 








death 






Tx 




2 


M 


2 mo 


Sz 


12 


Normal 


Immune 
Tx 


F/u loss 


3 


F 


5 yr 


Sz + EBV 


4 


Mass, right frontal base 


Immune MTX(5) 


F/u loss 












area 


Tx, HLH MTX+HC 
















94 (4) 




4 


M 


3 mo 


Sz + 


5 


Multiple T2 HSI lesion 


HLH 94 MTX(9) 


HSCT, Sz. 
















Free 


5 


F 


11 mo 


Sz, facial + 


13 


Mild diffuse brain atro- 


HLH 94 


Dead 








palsy 




phy, periventricular 
















white matter T2 HSI le- 
















sion 






6 


F 


3 mo 


Sz + 


65 


VM 


HLH 94 MTX(1 ) 


Dead 


7 


M 


1 yr 


Sz 


0 


Mass, right parietal cal- 


HLH 94 MTX(4) 


Dead 












varium 






8 


F 


5 yr 


Sz - EBV 


2 


Normal 


HLH 2004 


Off-therapy, 
















Sz. Free 


9 


M 


5 vr 

i 




10 


Normal 


HLH 2004 


Off-therapy 


10 


M 


3 mo 


Irritability, - UNCI 3D 


4 


ICH, brain atrophy, mild 


HLH 2004 MTX+HC 


Dead 








bulging 




VM, leptomeningeal 


(3) 










fontanel 




enhancement 






11 


M 


10d 


Sz - UNC13D 


3 


Normal 


HLH 2004 


HSCT, Sz. 
















Free 


12 


F 


6 mo 


Mental - 




Not performed 


HLH 2004 


Dead 








change 








13 


M 


1 yr 


Sz - - EBV 


10 


Bilateral parietooccipi- 


HLH 2004 MTX+HC 


F/u loss 












tal periventricular 


(4) 














white matter T2 HSI 
















lesion, diffuse brain 
















atrophy, SDH 






14 


M 


8 mo 


- UNC13D 


13 


Not performed 


HLH 2004 


Off-therapy 


15 


M 


7 yr 


Sz ... 


30 


Extra-axial enhance- 


HLH 2004 


HSCT, AED 












ment, right occipital 
















lobe 






16 


M 


6 yr 




9 


Normal 


HLH 2004 


Off-therapy 


17 


M 


3 yr 


Sz, mental 


6 


Normal 


HLH 2004 


Off-therapy, 






change 








Sz. Free 


18 


M 


10 mo 


_ ... 


8 


Normal 


HLH 2004 


Off-therapy 


19 


F 


12 yr 


Sz, mental - PFR1 EBV 


0 


Multiple T2 HSI lesion, 


HLH 2004 


Dead 






change 




PRES, ICH, IVH 






20 


F 


5 yr 


Facial palsy, - - EBV 


16 


Leptomeningeal 


HLH 2004 MTX+HC 


CTx on- 








dysphagia, 




enhancement, VM 


(4) 


going/ 








dysarthria 








Continued 
















symptoms 


21 


F 


3 yr 


Sz ... 


8 


PRES 


HLH 2004 


Off-therapy, 
















AED 


22 


F 


17yr 


Mental - TB 




Normal 




Dead 






change 










23 


M 


1 mo 


Sz + 


75 


Normal 




Dead 


Abbreviations: CNS, central nervous system; Dx, diagnosis; 


: Hx, family history; lnf, proven infection; CSF, cerebrospinal fluid; CTx, 


chemotherapy; ITTx, intrathecal treatment; F, female; M, male; Sz, seizure; EBV, Epstein-Barr virus; TB, tuberculosis; HSI, high si 


jnal intensity; 


VM, ventriculomegaly; ICH, intracranial hemorrhage; SDH, subdural hemorrhage; IVH, intraventricular hemorrhage; PRES, posterior 


reversible encephalopathy syndrome; MTX, methotrexate; HC, hydrocortisone; f/u, follow-up; HSCT, hematopoietic stem cell transplantation; 


AED, antiepileptic 


drug. 













was cured without treatment. ing 22 (81.5%) patients were alive at the time of follow-up. 

In the CNS (-) group, 2 (7.4%) patients died hefore starting Out of the 22 survivors, 4 (14.8%) had received HSCT and 
treatment, 3 (11.1%) were lost to follow-up, and the remain- 16 (59.3%) were classified as off therapy. In the CNS (+) 
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group, 9 (39.1%) patients died, 3 (13.0%) were lost to fol- 
low-up, and the remaining 11 (47.8%) were alive at the 
time of follow-up. Out of the 11 survivors, 3 (13.0%) had 
received HSCT and 7 (30.4%) reached off-therapy status. 
Thus, the 5-year survival rate was poor for patients in the 
CNS (+) group (52% vs. 92%; P=0.006; Fig. 1). 

Patients treated according to the HLH 94 protocol, regard- 
less of CNS involvement, had lower 5-year survival rate 
than those treated according to the HLH 2004 protocol, 
but this trend was not statistically significant (75% vs. 85%; 
.P=0.443; Fig. 2A). Similarly, in the CNS (+) group, patients 
treated with the HLH 94 protocol had lower 5 -year survival 



Table 2. Comparison of infection rate. 





CNS ( — ) group 


CNS ( + ) group 


P 




18 (66.7%) 


6 (26.1%) 


0.004 


EBV infection 


14 (51.9%) 


5 (21.7%) 


0.029 


CMV infection 


3 (11.1%) 


0 (0%) 


0.240 


Hepatitis A virus 


1 (3.7%) 


0 (0%) 


0.540 


Tuberculosis 


0 (0%) 


1 (4.3%) 


0.460 



Abbreviations: CNS, central nervous system; EBV, Epstein-Barr 
virus; CMV, cytomegalovirus. 



rates than those treated with the HLH 2004 protocol, but 
that was not statistically significant (33% vs. 67%; .£=0.215; 
Fig. 2B). All of the treatment protocols used achieved similar 
rates of 5-year survival. 



1.0 



0.8 



0.6- 



O 



0.4 



0- 0.2 



0.0 



P=0.006 

CNS (-) 
CNS (+) 



0 25 50 75 100 125 

Time in months after diagnosis 

Fig. 1. Cumulative survival rates in the CNS ( + ) versus CNS ( — ) groups. 
The prognosis was worse in the CNS ( + ) group compared to the CNS 
(-) group. 



Table 3. Laboratory findings. 





CNS (- 


) group 


CNS ( + 


group 


P 


WBC (/u.L) 


5,422 .2 1 


:5,374.4 


3,554.8: 


:3,730.5 


0.381 


Hb (g/dL) 


8.6: 


t1.6 


8.3: 


fc1.9 


0.381 


Platelets (x10 3 /ul_) 


76.8: 


!:50.3 


57.2: 


:50.3 


0.058 


ANC (/uL) 


1,753.1 z 


:2,315.0 


1,366.6: 


: 1,801.0 


0.690 


TG (mg/dL) 


282.7; 


t159.3 


285.6: 


:184.7 


0.922 


Fibrinogen (mg/dL) 


138.5; 


:84.0 


149.1: 


:83.1 


0.644 


Ferritin (ng/mL) 


28,092.6; 


1 46,948.5 


7,814.7: 


: 14,603.2 


0.037 


AST (IU/L) 


1,269.8: 


t2,295.2 


399.5: 


: 667.4 


0.026 


ALT (IU/L) 


541.2: 


1 844.6 


193.1: 


:283.1 


0.011 


BUN (mg/dL) 


9.7: 


:6.6 


11.3: 


t7.7 


0.476 


Cr (mg/dL) 


0.5: 


fc0.4 


0.4: 


:0.1 


0.383 



Abbreviations: CNS, central nervous system; ANC, absolute neutrophil count; TC, triglyceride; AST, aspartate transaminase; ALT, alanine 
transaminase; BUN, blood urea nitrogen; Cr, creatinine. 



Table 4. Treatment outcome according to treatment protocol with respect to CNS involvement. 





Off Tx 


F/U after HSCT 


F/U loss 


Dead 


Alive 


On Tx 


Total 


CNS (+) 
















Immune Tx 






2 


1 






3 


HLH 94 




1 




3 






4 


HLH 2004 


7 


2 


1 


3 




1 


14 


NoTx 








2 






2 


CNS (-) 
















HLH 94 


3 


2 


1 








6 


HLH 2004 


13 


2 


2 






1 


18 


NoTx 








2 


1 




3 


Total 


23 


7 


6 


11 


1 


2 


50 



Each value represents the number of patients. 

Abbreviations: CNS, central nervous system; Tx, therapy; F/U, follow-up; HSCT, hematopoietic stem cell transplantation. 
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P=0.215 

HLH2004 
HLH94 
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120 



Fig. 2. (A) Survival according to the chemotherapeutic regimen in all 50 patients. The trend was not statistically significant (P=0.443). (B) Survival 
according to the chemotherapeutic regimen in the CNS ( + ) group. The trend was not statistically significant (P=0.215). 



4. Prognostic factors influencing the survival rate 

In the log-rank test, we noted that CNS involvement, 
age, and family history were significant prognostic factors 
for survival (Table 5). In a multivariate analysis using Cox 
proportional hazard regression analysis with backward elimi- 
nation, CNS involvement was the only significant prognostic 
factor. The HR of CNS involvement was 5.28 (95% CI, 1.118- 
24.958; P=0.036). 



DISCUSSION 



This retrospective study of neurological manifestations 
of HLH suggests that about one-half (46%) of patients with 
HLH have neurological symptoms such as seizures or facial 
palsies during the course of HLH and/or abnormal CSF find- 
ings at the time of diagnosis. Janka [14] reported CSF abnor- 
malities in 17 of a series of 33 patients and neurological 
symptoms in less than 10% of the patients. In a multicenter 
retrospective study, Arico et al. [15] reported CSF abnormal- 
ities at the time of diagnosis for 55 of 94 patients (58%). 
Hirst et al. [16] found neurological manifestations at the 
time of diagnosis in 7 of 23 patients (30%) and CSF abnormal- 
ities in 13 of 17 evaluable patients (76.5%). Henter and 
Elinder [17] reported CSF abnormalities in 4 of 7 patients, 
with neurological symptoms in 3 of them. Most published 
reports fail to address the frequency of CNS disease among 
HLH patients. In the present study, we measured the duration 
of CNS involvement. Fourteen patients had CNS manifes- 
tation at the time of diagnosis (3 had both neurologic symp- 
toms and CSF leukocytosis, 1 had neurologic symptoms, and 
10 had CSF leukocytosis). Nine patients developed CNS mani- 
festations during the course of HLH. More patients had CNS 
manifestations at the time of diagnosis as opposed to manifes- 
tations that appeared during treatment. 

Data on the incidence of neuroradiological abnormalities 
in HLH are limited, in particular with regard to findings 



Table 5. Prognostic factors of mortality by univariate analysis. 



Characteristics 


N 


Death (%) 


P 


Gender 


Male 


25 


4 (1 6.0%) 


0.222 




Female 


25 


7 (28.0%) 




Age 


< 12 months 


15 


7 (46.7%) 


0.004 




^12 months 


35 


4 (1 1 .4%) 




CNS inv. 


( + ) 


23 


9 (39.1%) 


0.006 




(-) 


27 


2 (7.4%) 




Family history 


(+) 


5 


3 (60%) 


0.024 




(-) 


45 


8 (1 7.8%) 




Ferritin (ng/mL) 


< 5,000 


25 


6 (24.0%) 


0.523 




> 5,000 


25 


5 (20.0%) 




AST (IU/L) 


<45 


4 


0 (0.0%) 


0.299 




>45 


46 


11 (23.9%) 




ALT (IU/L) 


<45 


3 


0 (0.0%) 


0.410 




>45 


47 


11 (23.4%) 




Infection 


( + ) 


24 


3 (12.5%) 


0.140 




(") 


26 


8 (30.8%) 





Abbreviations: CNS, central nervous system; inv., involvement; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase. 



at the time of diagnosis [4, 18-20]. Haddad et al. [4] reported 
a series of 34 patients in which they observed a variety 
of neurologic symptoms, including hypotonia or hypertonia, 
meningismus, seizures, and coma with opisthotonos. Brain 
MRIs of their patients showed peri-cerebral or diffuse sub- 
dural dilations and large confluent hyperintense T2-weight- 
ed signals in the cerebrum (i.e., necrotic areas). In the present 
study, brain CT/MRI was performed early in the course 
of the disease in 74% of cases; 37.8% of this group were 
reported as having pathological findings including high signal 
intensity lesions on T2-weighted MRI images, ventriculo- 
megaly, hemorrhage, leptomeningeal enhancement, and dif- 
fuse atrophy. Interestingly, mild-to-borderline ventriculo- 
megaly or leptomeningeal enhancement was also reported 
in 2 out of 27 patients without abnormal CSF findings or 
neurological symptoms, and 33.3% (3 out of 9) of the patients 
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with both abnormal CSF and neurological symptoms were 
free of any abnormal neuroradiological findings. CNS infiltra- 
tion typically begins in the meninges, and then induces peri- 
vascular changes. This leads to the diffused infiltration of 
tissue and multifocal necrosis at a later stage in the course 
of the disease [4]. It is therefore possible that neuro- 
radiological findings may precede apparent clinical neuro- 
logical manifestations. To better define the predictive value 
of neurological evaluation and CNS imaging, a large pro- 
spective study is needed. 

When comparing the characteristics at the time of diag- 
nosis according to CNS involvement, patients with CNS in- 
volvement had lower ferritin, AST, and ALT levels. Ferritin 
is involved in the regulation of iron storage and homeostasis. 
In addition, ferritin is a surrogate marker for inflammation 
because the gene promoter contains pro-inflammatory cyto- 
kine-responsive regulatory elements. Ferritin is unlikely to 
contribute to the pathology in HLH, but highly elevated 
ferritin levels may provide a weak prognostic marker. A 
rapid fall of ferritin levels following the initiation of therapy 
was reported to be associated with decreased mortality [21]. 
The concentration of serum ferritin at the time of diagnosis 
is suggested to be a prognostic factor for HLH [22]. Some 
studies report that the disease activity of HLH is significantly 
related to elevated serum levels of AST and ALT [22, 23]. 
However, our study showed that the CNS (+) group had 
a poorer prognosis despite lower ferritin, AST, and ALT 
levels, and there was no effect on mortality (Table 5). This 
result suggests that CNS involvement may be a critical prog- 
nostic factor for HLH. 

Familial forms of HLH are due to genetic defects that 
lead to the impaired function of natural killer cells and cyto- 
toxic T cells. Some cases of familial HLH are caused by 
genetic mutations that occur either in the perforin gene 
or in genes important for the exocytosis of cytotoxic granules. 
Acquired forms of HLH are encountered in association with 
viral infections such as herpesviruses and EBV. EBV-asso- 
ciated HLH has a high prevalence in Asia, suggesting the 
role of environmental or genetic factors [24]. There are few 
studies on the prevalence of infections and related family 
histories in HLH patients with CNS manifestations. However, 
a recent study of 42 HLH patients also showed that familial 
HLH was highly associated with poor prognoses among pa- 
tients with CNS disease and/or persistently deficient natural 
killer (NK) cell activity [18]. In the present study, the CNS 
(+) group included significantly fewer patients with EBV 
infections. There was a strong association between CNS in- 
volvement and familial forms of HLH (/M).014). This study 
showed that familial HLH was more frequently associated 
with CNS involvement, suggesting that genetic susceptibility 
plays a key role in CNS infiltration by activated lymphocytes 
and macrophages. 

While the timely administration of chemotherapy is essen- 
tial to the survival of patients with HLH, neurologic compli- 
cations may be attributable to therapy and not disease in 
several patients treated with the HLH 2004 protocol in com- 
bination with the early administration of cyclosporine. 



Thompson et al. [3] reported that severe neurotoxicity (e.g., 
PRES) was more common among patients treated with HLH 
2004 than among patients treated with HLH 94. In our study, 
2 patients (Patient 19, Patient 21) treated with HLH 2004 
experienced PRES, but they had CNS manifestations prior 
to the development of PRES. Patient 19 suffered from a 
seizure prior to manifesting any signs of PRES; Patient 21 
had CSF leukocytosis at the time of his diagnosis with HLH. 
Among 9 patients who developed neurologic symptoms dur- 
ing treatment, 2 were treated with HLH 94 and 4 were 
treated with HLH 2004. Two patients treated with HLH 
94 experienced their first seizure during the initial treatment 
before starting cyclosporine. Two patients treated with HLH 
2004 showed mental changes during the initial treatment 
period; 2 other patients suffered from seizures and irritability 
during continuation therapy. Due to the small sample size, 
it is difficult to know the effect of the early administration 
of cyclosporine. 

We found a significantly increased risk of mortality among 
patients with CNS manifestations (39.1% vs. 7.4%, P=0.006) 
(Fig. 1). This is in line with a recent study of 193 patients 
with HLH, which identified a trend towards a poorer prog- 
nosis for patients with clinical neurological manifestations 
and abnormal CSF findings [7]. The finding is also supported 
by a recent study of 48 patients with HLH, which identified 
a trend towards a poorer prognosis for patients with clinical 
neurological manifestations and abnormal neuroimaging fea- 
tures [8]. Imashuku et al. [18] also reported poorer outcomes 
in patients with CNS symptoms and/or deficient NK cell 
activity. The multivariate Cox proportional hazard model 
identified CNS involvement as the only significant prognostic 
factor in our study. The ability to extrapolate from this find- 
ing is limited by our study's smaU population size. It is 
difficult to enroll many pediatric HLH patients, because HLH 
is a rare disease. Additional studies that include more HLH 
patients will provide sorely needed information. 

To conclude, our data indicate that CNS involvement in 
HLH is very frequent not only in familial HLH but also 
in secondary HLH; this CNS involvement is associated with 
poor outcomes. Nonetheless, patients with CNS involvement 
can recover completely with adequate therapy in spite of 
the progressive nature of the disease. In view of the low 
regenerative potential of nervous tissue, superior outcomes 
may require that we carefully monitor neurological manifes- 
tations in patients with HLH. Patients who have CNS mani- 
festations of HLH will require an appropriate regimen of 
intensified chemotherapy. It is also important to consider 
HLH in a child with unexplained neurologic manifestations, 
especially one with fever, pancytopenia, or hepatospleno- 
megaly. 
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